Abstract: Economic growth in developing countries and globalization of the food sector is leading to increasingly similar food consumption patterns worldwide. The aim of this study was to describe similarities and differences in the contributions of main food groups to energy and nutrient intakes in five developed countries across three continents. We obtained summary reports of national food consumption survey data from Australia, France, Denmark, the Netherlands, and the United States. Survey years spanned 2003-2012; sample size ranged from 1444 to 17,386. To mitigate heterogeneity of food groups across countries, we recategorized each survey's reported food groups and subgroups into eight main food groups and, for three countries, a ninth "mixed dishes" group. We determined the percent contribution of each food group to mean daily intakes of energy, saturated fat, sodium, fiber, and ten vitamins and minerals that are commonly under-consumed. Differences in findings from surveys utilizing a foods-as-consumed versus a disaggregated or ingredients approach to food group composition and contributions from the milk and milk products group, a source of several under-consumed nutrients, were explored. Patterns of food group contributions to energy and nutrient intakes were generally similar across countries. Some differences were attributable to the analytical approach used by the
systems across the European Union [13] . This method, in which mixed dishes are disaggregated and the ingredients allocated to their respective food groups, more accurately identifies nutrient contributions from main food groups and individual foods. To date, however, not every country is using the disaggregated approach; we therefore utilized available survey reports that were based on either the foods-as-consumed or disaggregated method.
Methods

Data Sources
We utilized national food consumption data from surveys conducted by government agencies in five countries: Australia, France, Denmark, the Netherlands and the United States [10, [14] [15] [16] [17] . Survey details are shown in Table 1 . Survey years differed by country and spanned the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . Each country's survey employed stratified, weighted sampling schemes to obtain a nationally representative sample. Sample size ranged from 1444 to 17,386. Food consumption information was obtained by 24-h dietary recall (Australia, the United States and the Netherlands) or 7-day food records (France and Denmark). For our analysis, we obtained the publically available summary data reports for the surveys of Australia, France, Denmark and the Netherlands [10, [14] [15] [16] [17] . These reports provided sample-weighted mean daily intakes of energy, macronutrients and micronutrients and sample-weighted means of the percent contribution of individual foods and food groupings to the mean daily intake of energy, macronutrients, and micronutrients. For the United States, we obtained parallel estimates based on the What We Eat in America survey (the dietary component of the National Health and Nutrition Examination Survey), utilizing food groups as defined by the Food Surveys Research Group, United States Department of Agriculture [18, 19] . Data were available for the combined population of adults and children ("total population") in four countries (Australia, the United States, Denmark and the Netherlands) and for the separate populations of adults and children in three countries (Australia, the United States and France). Although the age ranges for the total, adult and child populations varied between countries, the majority of each country's population was represented by the survey samples.
Analysis
Food Groups
To permit cross-country comparisons, we reorganized the food categories in the survey reports from Australia (22 categories; 117 subcategories), the United States (46 categories; 150 subcategories), France (43 categories), Denmark (15 categories), and the Netherlands (17 categories; 106 subcategories) into eight main food groups: meat, poultry, fish and eggs (hereafter "meats/protein group"); milk and other dairy products ("milk and milk products group"); breads, grains and cereal products ("bread group"); vegetables; fruits; fats and oils; snacks and sweets; and "other" ( Table 2 ). The summary data reported for Australia, France and the United States included a discrete group for mixed dishes. We retained that as a ninth food group, "mixed dishes" (described below). The reorganization resulted in overall similarity of the food items across countries in each of the eight main food groups. nutrients provided by the individual food components of pizza were distributed to their respective food groups: the crust is included in the grain group, the tomato sauce in the vegetable group, the cheese in the dairy group, and the meat toppings in the meat group.
A few differences remained, as the country-specific summary datasets did not readily permit recategorization of individual food items within subgroups; however, these items made relatively small contributions to total daily energy and nutrient intakes. For example, nuts and seeds were in the fruit group for all countries except the United States, which placed them in the meats/protein group. In the United States, "nuts and seeds" accounted for 1.9% of total daily energy intakes, in Australia, "seed and nut products and dishes" accounted for 1.6% of total daily energy, and in Denmark, "dried fruit, nuts and seeds" accounted for 0.5% of total daily energy. Legumes were included in the "other" group for Australia, France and the Netherlands, where they accounted for 0.4%, 0.4% and 0.1% of daily energy, respectively. In the United States survey, legumes were included in the meats/protein group, and accounted for 0.9% of daily energy. Cream was included in the milk and milk products group for the Netherlands (where it accounted for 0.3% of daily energy), but was in the fats and oils group for Australia and the United States (where it accounted for 0.2% and 0.5% of energy respectively) and France (contribution to energy not available).
The contributions of mixed dishes were handled differently in the summary reports of the five countries. Mixed dishes typically contained a mix of meats, dairy, grains, vegetables, or other foods (examples are pizza, hamburgers, sandwiches and casseroles). Australia, France and the United States used a "foods-as-consumed" approach in which mixed dishes constituted a separate food group in the dataset. In contrast, Denmark and the Netherlands used a "disaggregated approach" in which each mixed dish was disaggregated into its main ingredients, which were then allocated to their respective main food group. In this method, for example, the cheese in pizza is counted in the milk and milk products group, the tomato sauce in the vegetable group, and the crust in the bread group. The general process for disaggregating mixed dishes has been described by Marcoe et al. [20] . The approach captures more completely the contribution of a given food group to daily nutrient intakes, but requires country-specific recipe information to determine the relative proportions of food ingredients in each mixed dish. Because many mixed dishes contain meats/protein foods; milk and milk products; breads, grains and cereal products; and fats and oils, disaggregation generally results in higher energy and nutrient contributions from these food groups compared to the foods-as-consumed approach.
Nutrients
We summarized mean daily intakes for energy and 25 nutrients. We reviewed country-specific dietary guidelines, nutrient reference values, and other publications to identify nutrients with a higher prevalence of inadequate intake or overconsumption in the countries examined [4, 6, [8] [9] [10] [11] 14, 21] . Based on this review, we selected 13 nutrients for inclusion in the primary analysis of food groups: fiber, vitamin A, vitamin D, folate-folic acid, vitamin B12, vitamin C, calcium, iodine, iron, potassium and selenium as nutrients commonly under-consumed, and sodium and saturated fat as nutrients commonly over-consumed.
We determined the percent contribution of the eight main food groups and mixed dishes group to mean daily intakes of energy and nutrients for the total population of four countries. We also calculated food group contributions to daily nutrient intakes for the separate adult and child populations for Australia (adults age ≥19 years; children age 2-18 years), France (adults age ≥18 years; children age 3-17 years) and the United States (adults age ≥19 years; children age 2-18 years). In addition, we used selected nutrients as examples to graphically illustrate similarities and differences in food group nutrient contributions in different countries and to compare food group contributions to nutrient intakes in countries using the foods-as-consumed approach and the disaggregated approach. The nutrients selected include two over-consumed nutrients (saturated fat and sodium) and three under-consumed nutrients (calcium, vitamin B12 and vitamin C). For these example nutrients, we identified food groups providing more than 10% of the daily intake in one or more countries; when a food group provided more than 10% of the nutrient's intake for any one country, that food group was included for all countries in the data graph.
Because the milk and milk products group is an important source of several nutrients of interest and its nutrient contributions are partially obscured in surveys that use the foods-as-consumed approach, we examined its role in the diets of adults and children in three countries more closely, focusing on nutrients that are commonly under-or overconsumed and for which milk and milk products are important contributors: saturated fat, vitamin A, vitamin B12, vitamin D, calcium, iodine, potassium, selenium and sodium [22] .
Results
For reference purposes, the mean daily energy and nutrient intakes in Australia, the United States and the European countries of France, Denmark and the Netherlands are provided in Table 3 . In countries with total population data available (adults and children combined), mean daily energy intake ranged from a low of 8493 kilojoules (kJ) (2030 kcals) in Australia to a high of 9510 kJ (2273 kcals) in the Netherlands, a difference of 12%. Across these same countries, mean nutrient intakes differed by 30% or more (from lowest to highest) for fiber, calcium, iron, potassium, selenium, sodium, and vitamins A, B1, B2, B6, D, E and folate. 
Total Population
The contributions of the eight main food groups and the mixed dishes group (where relevant) to intakes of energy and selected nutrients in the total population of four countries are shown in Table 4 . Countries using the foods-as-consumed approach are shown in the upper portion of the table and countries using the disaggregated approach in the lower portion. In Australia and the United States, countries utilizing foods-as-consumed food groups, the meats/protein group accounted for 11%-16% of daily energy, 14%-22% of saturated fat and 15%-22% of sodium intake, along with more than one-quarter of daily vitamin B12 and, in Australia, 30% of daily selenium. The milk and milk products group contributed 8% of daily energy and about one-fifth of daily saturated fat, along with 12%-22% of the vitamin A, 22%-30% of the vitamin B12, 36%-40% of the calcium and, in the United States, 49% of the vitamin D. Breads, grains and cereal products contributed 14%-18% of daily energy, 23%-29% of daily fiber, 42%-46% of folate-folic acid, about one-third of daily iron and, in Australia, nearly one-third of daily iodine. Vegetables contributed 5% of total daily energy and 13%-29% of daily fiber, vitamin A and vitamin C. The fruit group (as defined in Table 2 ), contributed 3%-6% of daily energy, 12%-17% of daily fiber and 17%-23% of vitamin C (fruit juice, contained in the "other" group, provided an additional 16%-31% of vitamin C in these two countries; data not shown). Fats and oils, excluding those used in mixed dishes, contributed 2%-3% of energy intake and made negligible contributions to intakes of under-consumed nutrients. Snacks and sweets contributed 17% of daily energy and 18%-26% of saturated fat in both countries. Mixed dishes contributed about one-fifth of daily energy and saturated fat and ≥20% of daily fiber, vitamin B12, iron, and sodium.
Because mixed dishes tend to include meats, dairy, grains and fats/oils and these ingredients have been allocated to their respective food groups in the surveys from Denmark and the Netherlands, the results for these countries indicate generally higher energy and nutrient contributions from those food groups than were seen in countries using the foods-as-consumed approach, although the meat group's contribution to energy intake is highest in the United States, a country that used the foods-as-consumed approach.
Adult and Child Populations
The percentages of daily energy and nutrients contributed by food groups in adults and children are shown in Table 5a ,b, respectively. The three countries with data available for these population groups utilized the foods-as-consumed approach. The percentages of daily energy that adults derive from individual food groups were remarkably similar across Australia, the United States and France (Table 5a ). The relative energy contributions of food groups were also quite similar for children across countries (Table 5b ). Some differences existed, however. In both adults and children, energy intake from meats/protein foods was somewhat lower in Australia than in the United States and France, while energy intake from mixed dishes was somewhat lower in France than in the other two countries (10% versus 18%-21%). In French children, energy and nutrient intakes from the milk and milk products group were similar to those of children in Australia and the United States, with the exception of vitamin D, for which the milk and milk products group accounted for only 17% of total daily intake (France does not fortify milk with vitamin D, as the United States does; vitamin D data for Australia were not available). In France, the bread group contributions to daily energy and fiber intakes in children and adults were similar to Australia and the United States, but contributions to folate-folic acid, iodine, iron and selenium were lower. In the three countries, vegetables contributed 4%-6% of daily energy and 10%-30% of daily fiber, vitamin C and potassium; however, in France, vegetables contributed a notably lower proportion of vitamin A intake and higher proportion of folate-folic acid intake.
In comparing energy and nutrient intakes of adults and children within a single country, some differences are apparent. In Australia, the United States, and France, sweets and snacks contributed a greater proportion of total energy and saturated fat intake in the diets of children than in adults. Adults obtained larger percentages of energy, vitamin B12, iron and selenium intakes from the meats/protein group than did children. However, the milk and milk products group contributed greater proportions of the daily intakes of energy and several nutrients (vitamin A, vitamin D, vitamin B12, calcium, iodine and potassium) in children's diets. 5  23  2  1  1  18  0  22  5  5  10  17  2  5   Fruits  3  13  0  0  0  7  0  20  1  1  3  8  1  0   Fats and oils  7  0  17  14  4  0  0  0  0  0  0  0  1  1   Snacks, sweets  25  18  30  14  15  13  6  2  13  16  22  12  13  13   Other  8  9  2  1  2  13  2  39  11  7  10  12  9  10   Mixed dishes  10  12  10  8  14  9  15  5  9  11  11  11  11  23 Dash (-), data not available Figure 1 graphically compares the contribution of food groups to energy and selected nutrient intakes for countries using the foods-as-consumed approach (Australia and the United States) and those using the disaggregated approach (Denmark and the Netherlands). Food groups contributing more than 10% of the daily intake of the nutrient in at least one country are shown. In the disaggregated approach, the ingredients in mixed dishes have been spread across the main eight food groups, with correspondingly greater percent nutrient contributions from those groups. For example, it can be seen that the contributions from the bread group to energy intake and of the vegetable group to vitamin C intake were notably higher in Denmark and the Netherlands. These differences are not necessarily entirely due to the food group analysis method; they may in part represent real differences in food consumption patterns between countries. A striking example of the differences produced by the different analysis methods is the milk and milk products group. It contributed 8% of daily energy in Australia and the United States, but nearly twice that in Denmark (14%) and the Netherlands (15%). The milk and milk products group's contribution to calcium intake rose from 40% and 36% in Australia and the United States, respectively, to 60% and 58% in Denmark and the Netherlands. These differences highlight the impact of food grouping methods on the interpretation of the relative nutritional importance of individual foods in the diet and the difficulty of comparing food consumption patterns across countries that use different methods of food group categorization.
Foods-as-Consumed versus Disaggregated Method
Because the milk and milk products group is an important source of several nutrients of interest and its nutrient contributions are partially obscured in surveys that use the foods-as-consumed approach, we examined its role in the diets of adults and children in three countries more closely (Figure 2 ). The nutrients in Figure 2 were selected from the nutrients we identified as commonly under-or over-consumed and for which milk and other dairy products are important contributors.
Dairy foods, although contributing to saturated fat intake, made important contributions to daily intakes of calcium, vitamin A and vitamin D (in the United States) and to iodine (in Australia and France) in both age groups, even when not considering dairy ingredients in mixed dishes. Milk in particular made noteworthy contributions to daily intakes of calcium (11%-33%), potassium (5%-19%) and iodine (8%-26%). In the United States, due to fortification, milk also made important contributions to intakes of vitamin A (12%-27%) and vitamin D (36%-61%). In France, cheese accounted for a greater proportion of the daily intake of several nutrients than it did in Australia or the United States. In all three countries, milk's contributions to daily intakes of several under-consumed nutrients were higher in children than in adults. Figure 1 . Percent contribution of food groups to daily energy and selected nutrient intakes in the total population in countries using the foods-as-consumed (Australia and the United States) and disaggregated (Denmark and the Netherlands) analyses methods (total population data for France not available). Countries using the disaggregated approach have eight food groups; countries using the foods-as-consumed approach have eight food groups plus a ninth mixed dishes group. For energy, percent nutrient contributions from all food groups are shown (bars may not total 100% due to rounding); for other nutrients, a food group is shown if it provided more than 10% of the daily intake in at least one country. 
Discussion
Using national food consumption data, we identified the contributions of a broad range of food groups to intakes of energy and 13 nutrients in five developed countries across three continents: Australia, North America and Europe. In these countries, the main food groups each contributed remarkably similar proportions of daily energy and nutrient intakes for most of the over-and under-consumed nutrients examined. Similarities are seen in the data for the total population as well as for the separate populations of children and adults. For the meat/protein, milk and milk products, vegetables, and fruit groups, percent contributions to key nutrient intakes exceeded percent contributions to energy intake, reflecting the nutrient density of these food groups.
We found expected differences in nutrient contributions from food groups based on the analytical approach used by the surveys, i.e., the foods-as-consumed approach versus the disaggregated or ingredients approach, in which the components of mixed dishes such as pizza, sandwiches and casseroles are separated and allocated to their respective main food groups. These differences serve to highlight the difficulty of comparing food consumption trends across countries that use different methods of food group analysis and the need for harmonization of food survey methods, as recommended by the European Food Safety Administration [13] .
Dietary patterns of developed countries, and to a lesser extent of developing countries, are converging [1] [2] [3] . One aspect of that convergence is over-consumption of certain dietary components that are associated with increased risk for non-communicable chronic diseases. At the same time, the identification of specific food choices within food groups and of specific dietary patterns, such as the Mediterranean diet pattern, that reduce chronic disease risk is an increasingly active area of research [23] . While this evaluation describes only broad patterns of food group consumption and their contribution to nutrient intakes, it reveals surprisingly consistent patterns across countries with different historic and cultural food habits. To our knowledge, this is the first study to examine similarities and differences in food group contributions to nutrient intakes in several developed countries on different continents. A similar approach would also be valuable for understanding dietary patterns in developing countries, where food habits are rapidly changing [1] [2] [3] .
Across the globe, population-based dietary guidance typically calls for moderation of energy intake to achieve and maintain a healthy weight; lower intakes of saturated fat and sodium; increased consumption of fruits, vegetables, whole grains and low-fat or nonfat dairy products; and higher intakes of under-consumed nutrients. While underreporting of energy intake is a well-recognized phenomena in dietary surveys, we found total daily mean energy intake to be remarkably similar in the five countries studied (8593-9501 kJ or 2030-2274 kcal), only a 12% difference across countries. Saturated fat intake varied across countries from 11.2% to14.9% of energy. These values are remarkably consistent with those identified in a review of dietary fat intake in 40 countries (11.0%-15.0% of energy for the five countries of interest) [24] . Four of the eight main food groups (plus the mixed dishes group, where used) accounted for 80 percent or more of daily saturated fat intake. The Denmark and Netherlands analyses, which used the disaggregated approach, showed greater contributions of the fats/oils and milk and milk products groups to saturated fat intakes and of the milk and milk products group to the intakes of several under-consumed nutrients (calcium, iodine, potassium, selenium, and vitamin B12). This is consistent with previous studies from Europe and the United States [22, 25] . Of note, recent reviews indicate that not all food sources of saturated fat are associated with increased risk for CVD [26] [27] [28] [29] [30] [31] [32] [33] . Several studies indicate that dairy consumption is not associated with CVD risk and some suggest dairy may contribute to a reduction in CVD [27] [28] [29] [30] [31] [32] [33] [34] [35] . An independent association between intake of milk and milk products and body weight has not been demonstrated [6] . Consumption of milk and milk products continues to be encouraged in many countries [32] . Global and national dietary guidance also call for reductions in sodium intake. The World Health Organization recommends that sodium intake not exceed 2000 mg/day for adults in order to reduce risk for hypertension, CVD, stroke and coronary heart disease [36] . However, questions have been raised in recent reviews of sodium intake and the ratio of sodium to potassium in diets across the globe [37] [38] [39] . In four of the five countries we studied, sodium intake in adults ranged from 2711 to 3462 mg/day (daily intake was lower in Australia, where sodium intake from salt added at the table was not included in survey data). These intakes are within the 2645-4945 mg/day range that was associated with the most favorable health outcomes and no increase in mortality in a meta-analysis of 23 cohort and two follow-up studies (N = 274,683) [38] .
Country-specific fortification of some foods is reflected in our study findings. In the United States, where virtually all milk is fortified with vitamin D, daily vitamin D intake was higher than in the three European countries that do not fortify milk (5 µg /day versus 2.6-3.4 µg ) (the greater contribution of the meat/protein group to vitamin D intake in Denmark and France was consistent with higher fish consumption in those countries) [40] . Similarly, higher folate-folic acid intake in the United States and Australia is likely explained by the mandatory fortification of some flour with folic acid in these countries.
This study has several limitations. First, the sampling methods, sample sizes, and survey years varied by country. However, the samples were nationally representative of each country's population and the data reports provided sample-weighted means of nutrient intakes by specific food groups, allowing for reasonable comparisons across countries. All data collection occurred across the ten-year period 2003-2012. It is unlikely that temporal changes in food consumption during this time were substantial enough to affect between-country comparisons. According to a synthesis of food consumption data from 127 countries, global intake of saturated fat was stable between 1990 and 2010, increasing only 0.3% in Australia and decreasing between 0.1% and 0.9% in the other countries that we studied [41] . Second, the food consumption data of each country were obtained using 24-h dietary recall or 7-day dietary records kept by participants. Although a single 24-h dietary recall does not capture the variation that is present in an individual's diet, both 24-h dietary recalls and 7-day diet records are validated methods for surveying dietary intake in large populations and estimating group mean intakes of foods and nutrients. The limitations of dietary records and recall methods, including the underreporting of energy intake (primarily due to underestimation of portion sizes by participants), have been widely documented and discussed in the literature [12, 42, 43] . In 24-h dietary recall facilitated by trained interviewers, for example, participants may not accurately report dietary intake for a variety of reasons related to "knowledge, memory or the interview situation" [12] . However, there is no reason to assume that any inherent limitations of these dietary data collection methods applied more to one country than another. Third, methods for processing food consumption data into food groups varied by country, as each incorporated a food group/food coding scheme relevant to its national diet. However, we recategorized food groupings into a standard number of food groups, which minimized differences across countries in the composition of the final food groups. Another limitation is that different food composition databases underlie the nutrient calculations provided in each country's summary data reports, so that nutrient values for the same food or type of food may differ slightly from country to country [3] . These minor differences are unlikely to have had a significant impact on the analysis.
Conclusions
Food consumption survey data from five developed countries showed that major food groups contribute remarkably similar percentages of the daily intakes of energy, saturated fat, fiber and selected nutrients. Our analysis also highlights differences in food group nutrient contributions that may be attributable to the method of food group analysis used rather than to differences in food consumption patterns per se. This analysis provides new information useful to understanding food group consumption patterns in developed countries, an important task given the increasing convergence of dietary habits across the globe, and highlights methodological considerations relevant to future cross-country studies of dietary sources of nutrients. 
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